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Numb, and a similar gene Numblike, are expressed in activated
satellite cells. This study is focused on determining the role of Numb
in muscle repair. Our data shows that Numb protein isoforms
demonstrate a dynamic pattern of expression during myogenesis in
C2C12, and murine satellite cells. MicroRNA knockdown of Numb in
C2C12 cells demonstrated up-regulation of myogenesis genes.
Further, mice with conditional Numb/Numblike alleles demonstrate
impaired muscle regeneration in response to induced damage.
doi:10.1016/j.ydbio.2010.05.460
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Thymosin beta-4 (Tβ-4) and vascular endothelial growth factor
(VEGF) are important growth factors in angiogenesis, a process
critical to regeneration. Axolotl (Ambystoma mexicanum) is a unique
animal model capable of regenerating their tissue parts after
amputation, while short-toes (a mutant axolotl) and African clawed
frog (Xenopus laevis) are considered as regeneration-deficient since
they cannot replace their lost parts. However, we lack sequence
information for VEGF from axolotl and short-toes, and that of Tβ-4
from all three animals, which has impaired our studies of their roles
in regeneration. In this study, we partially sequenced and compared
the mRNA of VEGF and Tβ-4 in Axolotl, short-toes, and African clawed
frog. VEGF primers were designed based on Xenopus cDNA sequence,
while the Tβ-4 primers were designed based on human cDNA
sequences. The total RNA was extracted utilizing RNeasy kit (Qiagen
Sciences Inc., Germantown, MD) following the manufacturer's
instruction. One-step reverse transcriptase polymerase chain reaction
(RT-PCR, Qiagen) was performed following the manufacturer's
instructions. The RT-PCR products were run on 0.9% agarose gel and
then sent for two direction sequencing analyses (ACGT, Inc., Wheel-
ing, IL). After comparing the RT-PCR products sequences, the result
suggested that VEGF and Tβ-4 are highly conserved (>90%) among
Xenopus laevis, axolotl and short-toes. This project is supported by the
Indiana University School of Dentistry start-up funds to F. Song and
by the W.M. Keck foundation to D. Stocum.
doi:10.1016/j.ydbio.2010.05.461
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H,K-ATPase-mediated ion transport regulates anterior patterning
in regenerating planaria
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To translate regeneration research into therapies will require knowl-
edge of not just stem cell-derived proliferation but also of the subsequent
patterning mechanisms. In particular, it is critical to elucidate how the
newly formed tissue (blastema) communicates and integrates with
existing tissues tomaintain propermorphogenesis and polarity. Using the
powerful planarian regenerationmodel, we have uncovered a role for ion
transport (a known regulator of cell behavior and morphogenesis) in
anterior–posterior (A/P) patterning during regeneration. Our data reveal
thatonekeybioelectric signal controlling regeneration is theH,K-ATPase—
an ion pump with roles in embryonic left–right patterning and stomach
pH in vertebrates. Inactivating H,K-ATPase activity genetically (via RNAi)
or chemically results in normal regeneration of the tail but a morpholo-
gically deficient anterior regenerate. Marker analyses reveal that H,K-
ATPase inhibition does not duplicate posterior structures, suggesting that
H,K-ATPase activity plays an important role in determining anterior axial
identity in the blastema. Wounding of a pharmacologically-induced no-
headed regenerate surprisingly restarts head formation if a new blastema
is formed, suggesting that H,K-ATPase deficient worms retain anterior
competency. Most importantly, pharmacological studies reveal that H,K-
ATPase activity is essential for the mechanism by which the blastema
senses distant polarity cues along the A/P axis (and across existing
tissues). Together, our data uncover a novel patterning role for the
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Having the ability to coordinate the behavior of stem cells to
induce regeneration of specific large-scale structures would have far
reaching consequences in the treatment of degenerative diseases,
acute injury, and aging. Thus, identifying and learning to manipulate
the sequential steps that determine the fate of new tissue within the
overall morphogenetic program of the organism is fundamental. We
identified novel early signals, mediated by the central nervous system
and 3 innexin proteins, which determine the fate and axial polarity of
regenerated tissue in planarians. Modulation of gap junction-
dependent and neural signals specifically induces ectopic anterior
regeneration blastemas in posterior and lateral wounds. These
ectopic anterior blastemas differentiate new brains that establish
permanent primary axes re-established during subsequent rounds
of unperturbed regeneration. These data reveal powerful novel
controls of pattern formation and suggest a constructive model
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One of the critical issues in regenerative medicine is how to
differentiate embryonic stem (ES) cells or induced pluripotent stem
cells into the desirable cell types. To induce a specific cell lineage, two
major approaches have been developed that are changing culture
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media and transgene induction. Although these two methodologies
could be combined, it is difficult to find the best combination due to
its complexity. Recently, we have developed the NIA mouse ES cell
bank: ∼100 ES cell lines, each of which carries an inducible
transcription factor (TF) based on Tet-Off system. Here we examine
how the induction of TFs, coupled with the environmental manip-
ulation, can modulate the pathways of ES cell differentiation
(assessed by cell proliferation, morphology, histology, and character-
ization by microarray). We have tested the effect of TF induction
during 2-dimensional cell differentiation that was triggered by LIF
withdrawal, retinoic acid (RA) addition or 3-dimensional cell ES cell
differentiation by teratoma formation in mouse. Our study revealed
that various TF inductions could indeed lead to differentiation of ES
cells into specific cell fates. For example, forced induction of Pou5f1 in
the presence of RA seemed to differentiate ES cells into neural cell
lineage; Rxra induction during teratoma formation made yolk sac like
structure that is supposed to be a sort of functional tissue. As these
cell types or structures could not be obtained by conventional
methods, our systematic approach may provide an efficient means to
diversify the cell types that can be differentiated from ES cells.
doi:10.1016/j.ydbio.2010.05.464
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The Piwi proteins are required for stem cell maintenance in diverse
organisms and their molecular functions in this regard are currently
under intense investigation. Piwi proteins associate with a distinct
class of small RNAs between 26 and 30 nucleotides in length, called
piwi-interacting RNAs (piRNAs). Piwi proteins modulate gene expres-
sion at both the epigenetic and post-transcriptional levels, and thus
appear to have awide-reaching effect on the gene expression profile of
a cell. In the genome of Hydra magnipapillata we find two piwi
orthologs. By fluorescent in situ hybridization (FISH) we find that both
Hydra piwi genes are expressed specifically in the interstitial cells (I-
cells), a well-characterized stem cell population that gives rise to both
somatic cells and germ cells. Furthermore, we find that Hydra has an
abundant population of putative piRNAs. Advances in Hydra metho-
dology, such as the ability to make transgenic animals, are allowing us
to investigate Piwi and piRNA functions in the Hydra stem cells in vivo.
Cnidarian gene sets, such as Hydra, exhibit the same complexity found
in vertebrate genomes, thus functional discoveries made in these
relatively simple metazoans will be applicable to bilaterians.
doi:10.1016/j.ydbio.2010.05.465
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The lymphgland is the larval hematopoieticorgan inDrosophila. It is
composed of three different cell populations: the medullary zone
(MZ), the cortical zone (CZ) and the posterior signaling center (PSC).
TheMZ is comprised of blood progenitor cells, while the CZ consists of
mature hemocytes. The PSC is a hematopoietic stem cell niche that
maintains the MZ. Hedgehog (Hh) is a signaling molecule that
regulates various developmental phenomena and has known expres-
sion in the PSC. In the absence of Hh signaling, prohemocytes are not
maintained. To understand howhhgene expression is controlled in the
PSC, we have characterized a hh enhancer driving PSC-specific hh gene
expression. Our results have shown that a combination of positive and
negative transcriptional inputs promote proper hh expression. The
GATA factor Serpent (Srp) is required for hh expression in PSC cells,
while Suppressor of Hairless (Su(H)) and U-shaped (Ush) transcrip-
tional regulators prevent hh expression in blood cell progenitors and
differentiated hemocytes. We have also shown that regulation by Su
(H) appears to be a Notch-independent process. In addition, it is likely
that hh is required for its own self-maintenance. These results suggest
a collaboration of the three transcription factors in the regulation of
proper hh gene expression and niche cell function.
doi:10.1016/j.ydbio.2010.05.466
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Chickens are an ideal developmental biology animal model, as
well as a farm animal with excellent productivity. Therefore,
researchers have long sought to establish chicken embryonic stem
cells (cESCs) that enable the creation of genetically modified
chickens. Unfortunately, after long-term culture, germ cells lose the
expression of the germline-specific genes, including chicken vasa
homolog (Cvh) and deleted in azoospermia-like (DAZL), as well as
their capacity for differentiation. Here, we derived novel cESCs from
epiblasts cultured with chicken leukemia inhibitory factor (chLIF).
These cESCs have the capacity for long-term successive subculture
and express chicken Nanog, Cvh and DAZL. The cESCs showed a
capacity for chimeric formation during a transplant experiment that
used a fertilized egg. In order to create transgenic chickens using
established cESCs, EGFP and puromycin resistance genes were
transfected into cESCs. After selection with puromycin, we then
transplanted EGFP-cESCs to a recipient embryo of a fertilized egg.
EGFP expression was detected in many cells of embryos. The
transferred embryo proceeded to develop normally, and chimeric
chickens hatched. Expression of EGFP among Cvh positive cells was
observed in primordial germ cells. Moreover, we confirmed the
presence of EGFP gene in sperm genome of chimeric chickens. These




Patterning of blood vessels is controlled by neural progenitor cells
in the central nervous system
Teruaki Takahashi, Ryosuke Tadokoro, Yuta Takase, Yoshiko Takahashi
Bioscience, NAIST, Nara, Japan
Vascular networks of blood vessels are stereotypically formed in
early developing embryos. It remains unknown how the vascular
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